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Description 

[0001] This invention relates to a semiconductor 
memory device for storing data in a capacitor, and more 
particularly to a semiconductor memory device capable 5 
of holding stored data even when the power supply is 
turned off. 

[0002] At present, semiconductor memories are wide- 
ly used in computers, automobiles, audio systems, vid- 
eotape recorders, televisions, etc. 10 
[0003] In particular, DRAMS (Dynamic RAM) are 
used more widely than the other types of memories, 
since each of their memory cells has a simple and small- 
size structure consisting of a memory cell and a transis- 
tor, can be made easily, and has high reliability, espe- 15 
daily, in operational speed. 4 Mbit DRAMs and 16 Mbit 
DRAMs are now available. These DRAMS, however, 
have the following problems: 

[0004] As is shown in FIG. 1A, each memory cell of 
the DRAM consists of a transistor and a capacitor. Cell 20 
data M 1", for example, written in the capacitor is shifted 
to "0" with the passing of time, since a junction leak cur- 
rent flows from that diffusion layer on the source side of 
the transistor, which is mainly connected to a storage 
node VN, to a substrate or a well, and the potential of 25 
the cell lowers, as is shown in FIG. 1B. 
[0005] As can be understood from the above, the 
DRAMs are volatile memories from which data will dis- 
appear with the passing of time. Therefore, it is neces- 
sary to perform a refresh operation for reading data, 30 
which is once written in the DRAM after turn-on of the 
power supply, and rewriting the data within a maximum 
data holding time. Moreover, when the power supply is 
turned off, the junction is forwardly biased and the cell 
transistor is turned on. As a result, the cell data will be 35 
lost. 

[0006] FIGS. 2A and 2B show test results obtained 
when a conventional 64 Kbit DRAM test device is turned 
off and then turned on to read cell data. 
[0007] Specifically, FIG. 2A shows test results ob- *o 
tained when data is written into a memory cell, and read 
after 0.4 second standby (i.e., after the data is held 0.4 
second), with the power supply kept on. The abscissa 
indicates the plate potential (VPL), while the ordinate 
indicates the bit line precharge voltage (VBL). As is ev- 45 
ident from FIG. 2A, the cell data is held in the conven- 
tional DRAM standby system. 

[0008] FIG. 2B shows test results obtained when data 
written in a memory cell of the same device is read there- 
from after the power supply is turned off 0.4 second and 50 
again turned on. In FIG. 2B, the abscissa indicates the 
plate potential (VPL), and the ordinate indicates the bit 
line precharge voltage (VBL). FIG. 2B shows that the 
cell data is lost in the conventional DRAM system, 
whichever values the VPL and VBL have. 55 
[0009] The FIG. 2B results occur from the fact that the 
plate potential lowers from Vcc/2 to OV, and also from 
the fact that the internal circuit erroneously operates 
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when the power supply is in the on and off states, which 
causes erroneous word line selection and accordingly 
word line floating when the power supply is on and off 
states, resulting in memory cell charge leakage so that 
data is lost. 

[001 0] For example, when the power supply is turned 
offjn a case where the conventional plate .potential .is 
Vcc/2 and data "0 n is written (i.e. a voltage Vss is writ- 
ten), the plate potential becomes Vss, and the storage 
node potential becomes -Vcc/2. Then, the transistor 
serving as an nMOS transfer gate is turned on, and the 
pn junction is forwardly biased, with the result that data 
"0" is lost. 

[0011] FIG. 3 shows various types of semiconductor 
memories. An SRAM (Static RAM) is a volatile memory, 
which can operate at high speed as the DRAM and re- 
quires no refresh operation, and in which cell data is 
completely lost after the power supply is turned off. 
[001 2] On the other hand, an MROM (Mask ROM), an 
EPROM, an EEPROM, an FRAM (Ferroelectric RAM), 
etc. are included in a non-volatile memory in which data 
is not lost when the power supply is turned off. These 
memories are, however, not speedy in reading and writ- 
ing, and further the number of write cycles is limited 
therein. For example, the MROM cannot rewrite data, 
while the EPROM, EEPROM, etc. can rewrite data 10 5 
times at maximum. This is because in these memories, 
data is written or erased by passing electrons through 
the gate oxide film by tunneling, etc., in other words, by 
destructing the memory cells in principle. The EPROM, 
EEPROM, etc. are not speedy in writing. 
[0013] The FRAM stores data using polarization cre- 
ated by a ferrodielectric film employed therein. The 
FRAM is not excellent in film reliability and in the circuit 
for rewriting (it can perform about 10 5 to 10 11 times of 
write cycles). 

[0014] In addition, the power voltage must be set low 
in order to enhance the reliability of the highly integrated 
memory device (DRAM, etc.) and to save its power con- 
sumption. On the contrary, the threshold voltage of the 
memory cell cannot be set so low in order to restrain an 
increase in the sub-threshold current flowing through 
the transistor. Accordingly, the DRAM cannot be oper- 
ated at high speed if it is highly integrated. 
[0015] If both the power voltage and the threshold 
voltage are reduced so as to make the speed of the 
memory device according to the speed of a CPU, etc., 
the leak current which occurs in the power-on state will 
increase exponential rate in accordance with the gener- 
ations of DRAMs, as is shown in Fig 4. The inventors of 
the present invention have proposed a method for re- 
ducing the amount of the leak current at the time of bat- 
tery backup mode (sleep mode) or standby mode in or- 
der to elongate the life of the battery (Japanese Patent 
Application KOKAI No. 6-208790). However, there is no 
method for eliminating the occurrence of the leak cur- 
rent. 

[0016] As explained above, in the conventional 
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DRAMs, a high speed operation can be performed, and 
the number of write cycles is limitless. Actually, however, 
they are disadvantageous in that i) refresh operation 
must be performed so often even where the power sup- 
ply is in the on state, that ii) cell data is lost when the 
power supply is once turned off, and no more exists 
when the power supply is again turned on, and that iii) 
power consumption is "great because of lealT current 
even in the standby mode or in the sleep mode. On the 
other hand, the other non-volatile memories are limited 
in the number of write cycles, and hence cannot be used 
for various purposes as compared with the DRAM and 
SRAM. 

[0017] US 5 161 121 describes a DRAM having a ma- 
trix of memory cells which are accessed via bit lines and 
word lines. During a memory access or refresh opera- 
tion, a selected word-line is temporarily disconnected 
from the ground, non-selected word lines remain 
clamped to the ground at all times. The preamble of 
claim 1 and claim 3 are based on this disclosure. 
[001 8] It is the object of the invention to provide a sem- 
iconductor memory device having a structure similar to 
that of a DRAM, and capable of holding data without a 
refresh operation, even when a power supply is again 
turned on after it is turned off. 

[0019] According to the present invention, as a first 
aspect, there is provided a semiconductor memory de- 
vice as defined by claim 1. It comprises a plurality of 
word lines; a plurality of bit lines intersecting the word 
lines; and memory cells selectively arranged at intersec- 
tions of the word lines and the bit lines, and each con- 
sisting of a transistor and a capacitor, the transistor hav- 
ing a gate thereof connected to a corresponding one of 
the word lines, a drain thereof connected to a corre- 
sponding one of the bit lines, and a source thereof con- 
nected to an end of the capacitor and serving as a mem- 
ory node, the capacitor having another end thereof con- 
nected to a plate electrode, wherein the device further 
comprises setting means to set the voltage of the word 
line to ground level when the power supply is turned on 
and off and wherein in an active mode, assumed when 
a power supply is in an on state, a transistor of a memory 
cell which is connected to a selected one of the word 
lines is turned on, and those transistors of the other 
memory cells which are connected to non-selected word 
lines are in an off state; and in a standby mode assumed 
when the power supply is in the on state, the transistors 
of all the memory cells are in an off state; when the pow- 
er supply is in an off state, the transistors of all the mem- 
ory cells are in an off state, and when the power supply 
is turned on and off, the transistors of all the memory 
cells are in an off state. 

[0020] In the above structure, the bias conditions be- 
tween the gate, source and drain of each transistor 
(serving as a transfer gate) of a memory cell, and further 
the reverse directional bias conditions between the sub- 
strate and the source of the transistor are controlled so 
that only the transfer gate of the memory cell connected 



to a word line selected in an active mode in the power- 
on state can be turned on, the transfer gate transistors 
of the other memory cells which are not selected in the 
active mode can be kept in the off-state, and the memory 

5 cells can be kept in the off-state in the standby mode, 
at the time of turning on and off the power supply and 
in the off-state of the power supply. Thus, until data is 
again read by turning on the power supply after turning 
off the same, cell charge is prevented from leaking from 

10 the capacitor of the storage node to another node, which 
means that cell data is prevented from being lost. 
[0021] In a second aspect, the present invention pro- 
vides a semiconductor memory device as defined by 
claim 3. It comprises a plurality of word lines; a plurality 

*5 of bit lines intersecting the word lines; and memory cells 
selectively arranged at intersections of the word lines 
and the bit lines, and each consisting of a transistor and 
a capacitor, the transistor having a gate thereof connect- 
ed to a corresponding one of the word lines, a drain 

20 thereof connected to a corresponding one of the bit 
lines, and a source thereof connected to an end of the 
capacitor and serving as a memory node, the capacitor 
having another end thereof connected to a plate elec- 
trode, wherein the device further comprises setting 

25 means to set the voltage of the bit line to ground level 
when the power supply is turned on and off and wherein 
in an active mode, assumed when a power supply is in 
an on state, a transistor of a memory cell which is con- 
nected to a selected one of the word lines is turned on, 

30 and those transistors of the other memory cells which 
are connected to non-selected word lines are in an off 
state; and in a standby mode assumed when the power 
supply is in the on state, the transistors of all the memory 
cells are in an off state, when the power supply is in an 

35 1 off state, the transistors of all the memory cells are in an 
off state, and when the power supply is turned on and 
off, the transistors of all the memory cells are in an off 
state. 

[0022] Preferably, the semiconductor memory device 
40 according to the first and second aspects of the present 
invention further comprises the following structures: 
[0023] (1 ) Each of the transistors is a pMOS transistor 
or an nMOS transistor formed on an insulating layer. 
[0024] Making each memory cell have an SOI struc- 
45 ture enables a pn junction connected to the storage 
node to be formed only by the channel portion of the 
transistor (in other words, to enable a pn junction be- 
tween the source of the transistor and a substrate to be 
omitted), thereby eliminating pn junction current leak- 
so age and enables the time period from the turn-off of the 
power supply to the turn-on of the same to be further 
elongated. This is because a little channel leak current 
in the OFF-state of the transistor, or a little leak current 
in a capacitor insulating film determines the cell charge 
55 holding time period. 

[0025] (2) The difference in potential between the 
word lines and the plate electrode is constant when the 
transistors are in the off state, irrespective of whether 
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the power supply is in the on state or in the off state, 
while the potential of the bit lines is equal to or higher 
than the potential of the word lines when the transistors 
are nMOS transistors, and is equal to or lower than the 
potential of the word lines when the transistors are 
pMOS transistors. 

[0026] "This structure cajLprovi.de transistor bias con- 
ditions for keeping the transistors off even when the 
power supply is turned off. The memory cell data can be 
held even when the power supply is turned off, if the bit 
line potential can be set equal to or higher than the word 
line potential in the case of using pMOS transistors, or 
equal to or lower than the same in the case of using 
nMOS transistors, while a potential difference therebe- 
tween assumed when the transistors are in the OFF- 
state is kept constant. 

[0027] (3) The plate electrode is connected to a po- 
tential Vss when the transistors are nMOS transistors, 
irrespective of whether the power supply is in the ON- 
state or in the OFF-state, and is connected to a power 
voltage Vcc when the transistors are pMOS transistors, 
irrespective of whether the power supply is in the ON- 
state or in the OFF-state. 

[0028] In the case of using the nMOS transistors, 
keeping the plate potential at Vss enables the storage 
node potential to be kept constant even when the power 
supply is turned off, and keeping the gate potential at 
Vss in the OFF-state of the transistor enables the po- 
tential between the gate and source of the transistor to 
be kept 0 V, thereby preventing loosing cell data. In the 
case of using the pMOS transistors, setting the plate po- 
tential at Vcc in the ON-state of the power supply, and 
setting the gate potential of the transistor at Vcc in the 
OFF-state of the transistor enables the transistor to be 
kept off even when the power supply is turned off and 
both the nodes are set to Vss, thereby preventing data 
being lost. 

[0029] (4) Supposing that the threshold voltage of the 
cell transistor is a voltage which will cause a current of 
1 \iA to flow therethrough, the threshold voltage is set 
to (S factor) x 10 or more, and more preferably to (S 
factor) x 1 8 or more. 

[0030] If such as an SOI transistor is used in each 
memory cell, no junction leak current will flow, and main 
leak current flow through a cell transistor. If the cut-off 
characteristics of the cell transistor is enhanced, the 
power supply for the DRAM can be kept off for a long 
time. If the threshold voltage of the cell transistor is set 
to a value of 10 times of S factor or more, data can be 
held even if the power supply is kept off about one 
minute. If data can be held about one minute, the power- 
off operation will be very effective. Further, if the thresh- 
old voltage is set to a value of 18 times of S factor or 
more, data can be held for 10 years. Thus, the memory 
device of the invention can be used as a non-volatile 
memory although it has the same structure as DRAMs. 
[0031] In a case where the power-on current is 20 mA, 
the power-on time period 200 us, and the standby cur- 
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rent is 100 uA, the power-off operation is effective if the 
device has pause characteristics of 40 ms or more. In 
the case where the pause time period is 1 second and 
1 minute, the standby current can be reduced to 1/30 

5 and 1/1800, respectively. 

[0032] (5) In the off state of the power supply, a node 
of the word (bit) line is.connected to.a.ground potential 
by means of depletion type pMOS or nMOS transistors, 
such that the word (bit) line is set at the ground potential. 

w [0033] By virtue of this structure, a cell transistor in 
the OFF-state can be prevented from being turned on 
because of a potential difference between the word line 
and the plate due to various types of noise which may 
occur at the time of turning on or off the power supply. 

ts [0034] Even in the OFF-state of the power supply in 
which no power voltage is supplied to all the circuits in 
the DRAM, the word lines are short-circuited with the 
plate. Further, depletion type transistors are used to en- 
able the bit line to be short-circuited. Since the depletion 

20 type transistor is in the ON-state if its gate is set at 0 V, 
it can short-circuit nodes even in the OFF-state of the 
power supply. 

[0035] (6) In the ON-state of the power supply, the 
plate potential is set lower than Vss in the case of using 
25 the nMOS transistors, and lower than Vcc in the case of 
using the pMOS transistors. 

[0036] (7) The plate potential is set lower than Vss in 
the standby mode or active mode in the ON-state of the 
power supply, in other words, when the power supply is 

30 not in the OFF-state and is not turned on and off. 

[0037] If in the case of using the nMOS transistors, for 
example, the plate potential is set to a negative value 
lower than Vss in the ON-state of the power supply, the 
storage node is set to a voltage higher than Vss in the 

35 OFF-state of the power supply. As a result, a potential 
difference between the word line and the storage node 
(a difference between the gate voltage and the source 
voltage) is set to a negative value to prevent noise at 
the time of turning on and off the power supply and in 

40 the OFF-state of the power supply, thereby making it dif- 
ficult to turn on the transistor. Moreover, in the case 
where there is a substrate, a pn junction between the 
source and the substrate can be kept in a backward bias 
state even when noise occurs at the time of turning off 

45 the power supply. 

[0038] (8) An Si layer which constitutes at least part 
of a channel portion of each transistor is thinner than the 
thickness of an Si layer which constitutes the source or 
drain of the transistor. 

so [0039] Since in the case of the SO I transistors, current 
leak is mainly found in a cell transistor, the amount leak 
current at the time of turning off the cell transistor by 
making the Si layer which constitutes at least part of a 
channel portion of each transistor, thinner than an Si lay- 

55 er which constitutes the source or drain of the transistor. 
Furthermore, the amount of leak current in the OFF- 
state of the transistor can be further reduced by inserting 
an insulator between the source or drain and the chan- 
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nel. 

[0040] (9) An insulator is Inserted between the source 
or drain and the channel, or partially inserted in the 
channel portion. 

[0041] (1 0) A word line driving voltage is equal to the 
ground potential when the power supply is turned on and 
off, and is in the off state. 
" [0042] (11 ) A word Iine~drlv7ng power voltageis shifted 
from low level to high level after the power supply is 
turned on, and shifted from high level to low level before 
the power supply is turned off. 
[0043] (12) Depletion type nMOS transistors or deple- 
tion type pMOS transistors have their drains connected 
parallel to word line driving transistors located in the last 
stage of the row decoder, and their sources grounded. 
[0044] (1 3) Depletion type nMOS transistors or deple- 
tion type pMOS transistors have their drains connected 
to the output terminal of a circuit for selectively supplying 
a word line driving voltage to the row decoder, and their 
sources grounded. 

[0045] (14) The potential of the plate electrode is set, 
in the on state of the power supply, to a value higher 
than 0 and lower than a threshold voltage VT of the tran- 
sistor of each memory cell. 

[0046] If the plate potential is at the voltage between 
the threshold voltage of the memory cell VT and 0V 
when the power supply is an on-state, the memory cell 
transistor does not become to the on-state since the dif- 
ference between the voltage of storage node and that 
of the gate (WL) is lower than VT, even if the plate po- 
tential drops to 0V when the power supply is at an off- 
state. 

[0047] In an embodiment, the present invention pro- 
vides a semiconductor memory device comprising a 
semiconductor memory chip, wherein said semiconduc- 
tor memory chip comprises a plurality of word lines; a 
plurality of bit lines intersecting the word lines; and mem- 
ory cells selectively arranged at intersections of the 
word lines and the bit lines, and each consisting of a 
transistor and a capacitor; and wherein the semiconduc- 
tor memory chip has setting means to set the voltage of 
the word line to ground level when the power supply is 
turned on and off, means for receiving, from the outside 
of the memory chip, a predetermined signal or a prede- 
termined command before turn-on of a power supply, or 
for detecting the turn-on of the power supply, and means 
for receiving, from the outside of the memory chip, a pre- 
determined signal or a predetermined command before 
turn-off of a power supply, or for detecting the turn-off of 
the power supply, so that data stored in the memory cells 
before the turn-off of the power supply can be held even 
when the power supply is again turned on after the turn- 
off thereof. 

[0048] In a further embodiment, the present invention 
provides a semiconductor memory device comprising a 
semiconductor memory chip, wherein said semiconduc- 
tor memory chip comprises a plurality of word lines; a 
plurality of bit lines intersecting the word lines; and mem- 
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ory cells selectively arranged at intersections of the 
word lines and the bit lines, and each consisting of a 
transistor and a capacitor, and wherein the semiconduc- 
tor memory chip has setting means to set the voltage of 
the bit line to ground level when the power supply is 
turned on and off, means for receiving, from the outside 
_oL tn ®J!? e J7 10 Jyj^jP. _a LPredetermmed sjgnal or a.prede- 
termined command before turn-on of a power supply, or 
for detecting the turn-on of the power supply, and means 
for receiving, from the outside of the memory chip, a pre- 
determined signal or a predetermined command before 
turn-off of a power supply, or for detecting the turn-off of 
the power supply, so that data stored in the memory cells 
before the turn-off of the power supply can be held even 
when the power supply is again turned on after the turn- 
off thereof. 

[0049] In the semiconductor memory device accord- 
ing to the third and fourth aspects of the invention, an 
external signal or command indicative of a time period 
required to stabilize the power supply, the internal cir- 
cuits, etc. is input from the outside of the memory chip, 
or a circuit for indicating that a predetermined time pe- 
riod passes after the turn-on of the power supply is in- 
corporated in the chip, so as to prevent turn-on of the 
memory cell transistor due to noise which will occur at 
the time of turning on or off the power supply. By virtue 
of this structure, the potentials of the word lines, the 
plate, the bit lines, etc. are fixed until the operation mode 
of the memory device is completely shifted to the stand- 
by mode, thereby avoiding loss of data. 
[0050] In addition, the above signal, the command or 
the circuit enables the word line, the bit lines, the plate, 
etc. can be fixed to predetermined potentials irrespec- 
tive of noise which will occur at the time of turning off 
the power supply, thereby protecting memory cell data 
from destruction. 

[0051] As is described above, the semiconductor 
memory device of the present invention can correctly 
read data written in a memory cell, after the power sup- 
ply is once turned off and turned on again. This differs 
from the conventional DRAM in which data written in a 
memory cell is lost when the power supply is turned off. 
Moreover, since the semiconductor memory device of 
the present invention has high cut-off characteristics, 
the power supply can be kept off for a long time. 
[0052] This invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIGS. 1A to 1C are views, useful in explaining a 
conventional semiconductor memory device; 
FIGS. 2A and 2B are views, showing pause char- 
acteristics of a conventional DRAM obtained when 
a power supply is kept on, and pause characteris- 
tics of the DRAM obtained when the power supply 
is once turned off and again turned on; 
FIG. 3 is a table, showing the types of conventional 
semiconductor memories; 
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FIG. 4 is a graph, showing the relationship between 
DRAM generations, the leak current and the thresh- 
old voltage; 

FIG. 5A and 5B are circuit diagrams, showing a 
semiconductor memory device according to a first 5 
embodiment of the invention; 
FIG. 6 is a view, showing driving signals used in the 
first eTnbodrmenT; 

FIG. 7A and 7B are sectional views, showing ele- 
ment structures employed in the first embodiment; 10 
FIG. 8 is a view, illustrating the conditions for elon- 
gating the pause characteristics of the DRAM in the 
first embodiment; 

FIG. 9 is a graph, showing the effect of the invention 
obtained when it is applied to a 16 Mbit DRAM; *s 
FIG. 10 is a graph, showing the effect of the inven- 
tion obtained when it is applied to a 1 Gbit DRAM; 
FIG. 11 is a view, showing driving signals employed 
in a second embodiment of the invention; 
FIGS. 12A and 12B are circuit diagrams, showing 20 
a third embodiment of the invention; 
FIGS. 13A to 13D are block diagrams, showing a 
fourth embodiment of the invention; 
FIGS. 14A and 14B are a circuit diagram and a sig- 
nal waveform view, respectively, showing a fifth em- 25 
bodiment of the invention; 
FIGS. 15A and 15B are a circuit diagram and a sig- 
nal waveform view, respectively, showing a sixth 
embodiment of the invention; 

FIGS. 1 6A and 1 6B are views, showing a modifica- 30 
tion of the sixth embodiment of the invention; 
FIGS. 17A and 17B are views, showing another 
modification of the sixth embodiment of the inven- 
tion; 

FIG. 1 8 is a view, showing a row decoder according 35 
to a seventh embodiment of the invention; 
FIG. 19 is a circuit diagram, showing an eighth em- 
bodiment of the invention; 

FIG. 20 is a circuit diagram, showing a ninth em- 
bodiment of the invention; 40 
FIGS. 21 A to 21C are circuit diagrams and a signal 
waveform view, respectively, showing a tenth em- 
bodiment of the invention; 

FIGS. 22A and 22B are a circuit diagram and a view 
of driving signals, respectively, showing an eleventh 45 
embodiment of the invention; 
FIGS. 23A and 23B are a circuit diagram and a sig- 
nal waveform view, respectively, showing a twelfth 
embodiment of the invention; 

FIGS. 24A and 24B are a circuit diagram and a view 50 
of driving signals, respectively, showing a fifth em- 
bodiment of the invention; 

FIG. 25 is a circuit diagram, showing a fourteenth 
embodiment of the invention; 

FIGS. 26A and 26B are a circuit diagram and a view 55 
of driving signals, showing a fifteenth embodiment 
of the invention; 

FIGS. 27A and 27B are a circuit diagram and a sig- 



nal waveform view, respectively, showing a six- 
teenth embodiment of the invention; 
FIGS. 28A and 28B are sectional views, showing 
element structures according to a seventeenth em- 
bodiment of the invention; 

FIGS. 29A and 29B are a circuit diagram and a sig- 
nal wa veform view, respectively, showing aneight- 
eenth embodiment of the invention; 
FIGS. 30A and 30B are a circuit diagram and a sig- 
nal waveform view, respectively, showing a nine- 
teenth embodiment of the invention; 
FIGS. 31 A to 31 C are circuit diagrams and a signal 
waveform view, respectively, showing a twentieth 
embodiment of the invention; 
FIGS. 32A and 32B are a circuit diagram and a sig- 
nal waveform view, respectively, showing a twenty 
first embodiment of the invention; 
FIGS. 33A and 33B are a circuit diagram and a sig- 
nal waveform view, respectively, showing a twenty 
second embodiment of the invention; 
FIG. 34 is a view, showing results of experiments 
concerning the dependency of the pause character- 
istics of the invention upon the plate potential; 
FIG. 35 is a view, showing results of experiments 
concerning the relationship between the pause 
characteristics of the invention and a time delay be- 
tween turn on/off of a word line voltage and that of 
a power voltage Vcc; 

FIG. 36 is a view, showing results of comparative 
experiments concerning the power-off time periods 
in the present invention and the pause time periods 
with the power kept on in the conventional case; and 
FIG. 37 is a view, showing experimental results ob- 
tained when the power supply is turned on and off 
repeatedly in the present invention. 

[0053] The embodiments of the invention will be ex- 
plained with reference to the accompanying drawings. 

(First Embodiment) 

[0054] FIG. 5A and 5B are circuit diagrams, showing 
a semiconductor memory device according to a first em- 
bodiment of the invention. As is shown in FIG. 5A, each 
of memory cells M0 to M3 consists of one transistor and 
one capacitor. Bit lines BL0, /BL0, BL1 and /BL1 read 
. cell data. Each of word lines WL0 and WL1 for selecting 
the memory cells are controlled by a row decoder. 
Sense amplifiers SAO and SA1 amplifies the fine poten- 
tial difference between the bit lines BL0 and /BL0 and 
between the bit lines BL1 and /BL1. Transistors Q0 to 
Q3 connect the bit lines to a potential Vss, and is con- 
trolled by a VHH signal. Transistors Q4 to Q7 separate 
the cell array from the sense amplifiers, and is controlled 
by a 4>T clock signal. 

[0055] In the first embodiment, various measures 
have been taken to enable data written in a memory cell 
of the DRAM to be read without destruction after the 
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supply of a power voltage Vcc is once stopped and then 
started again. 

[0056] First, the plate electrode is fixed at the potential 
Vcc/2 in the conventional case. On the other hand, in 
the embodiment of the invention, it is fixed at the poten- 
tial Vss. 

[0057} Suppose a case wherejhe word line WL1 is 
selected and data "0" is written in the storage node 
VSN0 of the memory cell M0. The power supply is 
turned off after the data is written and the word line WL1 
is returned to the potential Vss. In the conventional case 
where the plate electrode is set at the potential Vcc/2, 
the plate potential Vcc/2 lowers with the passing of time, 
and reaches Vss at last since the power supply is in the 
off state. Then, the potential of the storage node VSN0 
lowers to -Vcc/2 because of coupling of a cell capacitor 
CO of a large capacitance. At this time, both the word 
line WL1 and the bit line BL0 have the potential Vss. 
[0058] Since at this time, the source (i.e. storage 
node) of the transistor of the memory cell M0 is at -Vcc/ 
2, the gate (i.e. word line) of the same at the potential 
Vss, and the drain (i.e. bit line) of the same at the po- 
tential Vss, the transistor is in the on state, and the po- 
tential of the storage node is Vss- VT (which is lower than 
the potential Vss by the threshold voltage of the memory 
cell). In this state, most part of the memory cell data 
leaks to the bit line, which means that the memory cell 
data is lost. 

[0059] Thereafter, the power supply is again turned 
on to return the plate potential to Vcc/2. Since at this 
time, the potential of the storage node is Vcc/2-VT > 
Vss, and the potential of the data is low, an erroneous 
operation will easily occur. Further, in a case where the 
DRAM includes bulk Si transistors, when the power sup- 
ply is turned off, the pn diode is forwardly biased and 
the cell charge leaks, since the n-type storage node is 
at -Vcc/2 and the p-type substrate is at the potential Vss 
in the bias state of the pn junction of the storage node. 
As a result, the potential of the storage node becomes 
Vss - VB (VB represents the built-in voltage of the pn 
junction). When the power supply is again turned on, the 
potential of the storage node becomes -VB + Vcc/2 > 
Vss, which means a significant reduction in signal 
amount and will cause an erroneous operation at the 
time of reading the data "0". 

[0060] On the other hand, in the embodiment of the 
invention, the plate potential is set at Vss even when the 
power supply is in the on state. Therefore, even if all the 
bit line /BLO, the word line WL1 and the plate electrode 
become Vss after the storage node is set to Vss to write 
the data "0" and then the power supply is turned off, the 
bias conditions of the transistor of the memory cell MO 
do not change, which means that the source, drain and 
gate of the transistors are all at Vss. Accordingly, the 
transistor is not turned on, and hence the storage node 
is kept at Vss even after the power supply is again turned 
on, which enables the stored data signal to be read with- 
out reducing the signal amount. 



[0061] Moreover, in a case where there is a substrate, 
both the storage node and the substrate which consti- 
tute a pn junction are kept at Vss, and accordingly the 
pn junction is not forwardly biased. Thus, no large cur- 

5 rent flows in the pn junction. Therefore, even when the 
power supply is turned on again, the storage node is 
kept at Vss, which enables the data signal to be read 
without reducing the signal amount. As regards the con- 
ditions of the plate potential for preventing a reduction 

10 jn the amount of a signal indicative of the data "0*, it is 
theoretically desirable to set, concerning the memory 
cell leak, the plate potential lower than the cell transistor 
threshold voltage VT when the power supply is in the on 
state. On the other hand, concerning the pn junction 

15 leak, it is desirable to set the plate potential lower than 
the built-in voltage VB of the pn junction when the power 
supply is in the on state. 

[0062] Second, leakage of memory cell data is pre- 
vented using a VHH signal for detecting the turn-on and 

20 -off of the power supply. While the power voltage is lower 
than 2VT, which falls between 0 V and Vcc (VT repre- 
sents the threshold voltage of the transistor), after turn 
on of the power supply, each node of the peripheral cir- 
cuit, the core circuit, etc. of the DRAM is not fixed to Vss 

25 or Vcc, and it is not clear how it operates. The potential 
of the word line WL1 may exceed Vss, and the bit line 
/BLO may be reduced to a value lower than Vss by noise. 
[0063] In addition, since the DRAM chip includes a 
plurality of circuits, even when the power voltage ex- 

30 ceeds 2VT, the DRAM assumes a correct standby state 
until the logic is spread over all the circuits, with the re- 
sult that it is possible that the word line, the bit line, etc. 
will be adversely affected by noise. It is very important 
to take measures against the noise since the DRAM will 

35 perform an erroneous operation even if only one of sig- 
nals stored to the cells leaks therefrom. Such noise can 
occur when the power supply is turned off, too. It is also 
possible that the DRAM will receive noise through an 
external pin and perform an erroneous operation while 

40 the power supply is in the off state. 

[0064] The above embodiment and other embodi- 
ments, which will be explained later, also take measures 
against erroneous operations which may occur when 
the DRAM chip is detached from a socket. 

45 [0065] Against bit line noise, depletion type pMOS 
transistors QO to Q3, which have positive threshold volt- 
ages (i.e., the transistors are turned on when their gates 
are at 0 V), are connected and controlled by the VHH 
signal, as is shown in FIGS. 5A and 5B. 

50 [0066] FIG. 6 shows the above-described operation. 
After the power voltage Vcc is supplied, the VHH signal 
is kept at low level. Since in this state, the sources of 
the depletion type transistors Q0 to Q3 are in the on 
state and can fix the bit lines at Vss, the turn-on of the 

55 memory cell transistors due to noise generated when 
the power supply is turned on can be prevented. Accord- 
ingly, the leakage of data "1" written in a memory cell 
transistor, to a bit line can be prevented, which will occur 
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when the potential of the bit line is lower than Vss be- 
cause of noise. After the power voltage is fixed to Vcc, 
the VHH signal is set to high level and the transistors 
Q0 to Q3 are turned off, thereby setting a usual DRAM 
operation mode. Also at the time of turn off of the power 5 
supply, the VHH signal is set to low level in the standby 
mode to turn on the transistors Q0 to Q3, and the power 
supply is turned off a little later. 
[0067] Similarly, to prevent the leakage of data "1 " and 
"0" from memory cells, which will occur when the poten- io 
tial of the word lines exceed Vss, the VHH signal is ap- 
plied to the row decoder thereby to prevent an increase 
in the potential of the word lines at the time of turn-on 
and -off of the power supply, so as to prevent destruction 
of cell data. Detailed examples of circuits are shown in *5 
FIGS. 18 to 20 and 29A to 33B, etc., which will be ex- 
plained later. 

[0068] Since the depletion type pMOS transistor is in 
the on state when the power supply is in the off state, 
the bit lines, the word lines and the plate electrode are 20 
fixed at Vss in the off state of the power supply. Accord- 
ingly, all the memory cell transistors are kept off ail the 
time, and lost of cell data can be prevented. 
[0069] Where the bit line precharge potential is set to 
Vcc/2 as in the conventional case, and the bit lines are 25 
connected to Vss by means of the depletion type tran- 
sistors during the activation of the DRAM, the sense am- 
plifiers of Vcc/2 are prevented from short-circuiting with 
Vss, by setting the bit line potential to Vcc/2, at the time 
of turning on the power supply, after the VHH signal is 30 
set at high level and then $T is turned on, and also by 
setting the bit line potential to Vss, at the time of turning 
off the power supply, after <J>T is turned off and then the 
VHH signal is set at low level, as shown in the case (B) 
of FIG. 6. 35 
[0070] The case (A) of FIG. 6 shows a bit line Vss pre- 
charge method. In this case, the above short-circuiting 
will not occur even when <|>T is set to high level when the 
power supply is turned on, and to low level when the 
power supply is turned off. In the bit line Vss precharge 40 
method, a dummy cell to which data can be written from 
the external as shown in FIG. 5B is necessary to cor- 
rectly amplify the bit line potential difference. To turn off 
the transistors Q0 to Q3 during turn on of the power sup- 
ply, the VHH signal must be set at a level higher than 45 
Vcc since the maximum amplitude of the bit lines is Vcc. 
[0071] FIGS. 7A and 7B show SOI type memory cells 
useful in the present invention. Specifically, FIG. 7A 
shows a stack cell, while FIG. 7B shows a trench cell. 
FIGS. 7A and 7B show nMOS transistors. However, if 50 
pMOS transistors are used in place of the nMOS tran- 
sistors, the respective conductivity types of the regions 
which constitute each nMOS transistor are changed to 
the parenthesized ones. 

[0072] In both the stack cell and the trench cell, an 55 
oxide film is provided on an Si substrate, and an upper 
Si layer is formed on the resultant structure. The source, 
drain and channel of the memory cell transistor is 



formed of the upper Si layer. Further, the storage node 
connected to the source is surrounded with an insulator 
such as an oxide film, etc., and also isolated from the 
plate electrode by means of a capacitor made of an in- 
sulator such as a high dielectric film, etc. Thus, a pn 
junction does not exist between the source (i.e., storage 
node) and the substrate as exists in the conventional 
bulk transistor. Therefore, a relatively large amount of a 
pn junction backward leak current will not occur, but only 
a small amount of an insulator leak current will occur. In 
other words, the written data will leak only through the 
channel of the SOI type memory cell. 
[0073] Accordingly, the pause characteristics of the 
DRAM can remarkably be enhanced only by reducing 
the leak current which occurs at the time of the turn off 
of the SOI transistor. FIG. 8 shows the conditions for 
reducing the leak current. 

[0074] The graph of FIG. 8 illustrates the characteris- 
tics of the SOI cell transistor. In FIG. 8, the abscissa in- 
dicates a voltage Vgs applied between the gate and the 
source of the transistor, while the ordinate indicates a 
current Ids flowing through the transistor. The transistor 
is cut off when the current Ids is lower than about 1 uA 
As the voltage Vgs decreases to a negative value side, 
the current Ids decreases in a LOG scale manner. Ac- 
cordingly, the inverse number, S factor = AVgs/log (Ids), 
of the inclination of the cut-off characteristics of the SOI 
transistor, which is considered as a feature of the tran- 
sistor, approaches ideal cut-off characteristics (60 mV/ 
decade at the room temperature), since the capacitance 
between the channel and the substrate becomes 0. 
Thus, the inclination of the cut-off characteristics be- 
comes steep as the voltage Vgs decreases to the neg- 
ative value side. In the steep inclination range, the cut- 
off characteristics can be greatly enhanced by only 
slightly changing the voltage Vgs. 
[0075] If the SOI transistor is designed such that S 
factor = 70 mV/decade, and the threshold voltage of the 
transistor is set to 1 .1308 V or more to cause the current 
Ids of the transistor to 1 uA or less, the leak current (I 
leak) can be reduced to: 

||eak=10 (-1-130^0mV) x1() -6 = 7x10 -23 A 

when the word line voltage is set to 0 V, the bit line volt- 
age to 0 V, and the storage node to 0 V or Vcc. 
[0076] If in this case, 1 .5 V is applied to a memory cell 
which has a cell capacitance Cs of 30fF, electricity ac- . 
cumulated therein is: 

(1.5 V - 1.5V/2) X 30 fF = 22.5 fQ 

[0077] Accordingly, the time necessary to allow the 
electricity to leak from the memory cell is: 
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t = Q/i = 22.5fQ/(7 x 1<T J A) 
= 3.2 x 10 8 sec. = 10 years 

[0078] Thus, the above-described embodiment of the 
invention can store data for 10 years or more. In other 
words, the embodiment does not require the refresh op- 
eration for 10 years as in the case of non-volatile mem- 
ories such as EPROMs, etc. If the circuit of the invention 
which can store data even when the power supply is 
turned off is combined with the conventional DRAM, this 
DRAM can be used as a complete non-volatile memory. 
Moreover, in a case where the transistor has an S factor 
of 100 mV/decade, the memory does not require the re- 
fresh operation for 10 years if the threshold voltage VT 
of the transistor is set to 1 .61 V or more. 
[0079] The above-described threshold voltage VT 
needs to satisfy the following conditions in the case of 
1 uA leak: 

VT > S factor x log (a leak current for allowing 
data to be stored for 10 years/10* 6 ) 
= S factor x log (7 x lO'^A/IO^A) 
= S factor x 16.15 

[0080] Even in a case where data cannot be held 10 
years, if the refresh operation is not necessary for 1 
minute or so, a sufficient effect can be obtained even 
after the power supply is turned off, on condition that the 
threshold voltage VT satisfies the following: 

VT > S factor x log (3.75 x lO^A/IO^A) 
= S factor x 9.46 

[0081] The above shows that the higher the pause 
characteristics of a transistor (irrespective of whether 
the transistor is of the SOI or bulk type), the more effec- 
tive the invention. FIG. 9 shows more specific results 
obtained when the invention is applied to a 16Mb 
DRAM. 

[0082] In FIG. 9, the abscissa indicates the pause 
time or power-off time, and the ordinate indicates the 
standby current. The broken line (a) indicates the stand- 
by current of the conventional 16Mb DRAM, which is 
about 100 uA independent from the pause time. 
[0083] On the other hand, the solid line (b) indicates 
the standby current of the invention, which decreases 
as the power-off time increases. This is because in the 
invention, a power-on current flows when the power 
supply of the DRAM is turned on. Since in the DRAM 
specification, the power-on current (Ipower-on) = 20 



mA, the power-on time (Tpower-on) = 200 u.s, a prede- 
termined electricity of 20 mA x 200 \is is necessary to 
turn on the power supply. While the power supply is in 
the off state, no electricity flows from the power voltage 

s Vcc. Therefore, as is shown in FIG. 9, the standby cur- 
rent decreases as the power-off time increases. Those 
portions of the solid line (b) of FIG. 9, which are denoted 
by 16M, 64M, 256M and 1G, indicate the pause time 
specifications of a 16Mb DRAM, a 64Mb DRAM, a 

10 256Mb DRAM, and a 1Gb DRAM, respectively. This 
proves that the invention is effective also in the usual 
specification levels. 

[0084] FIG. 10 shows the effective results of the in- 
vention obtained when it is applied to a 1Gb DRAM. 

is [0085] In the conventional case, the amount of the 
leak current of transistors at standby is larger in a 1Gb 
DRAM (120 uA - 8 mA) than in a 16Mb DRAM. This val- 
ue is obtained where Vcc = 1.5 V, the threshold value = 
0.2 Vcc and the threshold value variation range AVt = 

20 ±0.1 V. The threshold voltage decreases as the integra- 
tion of memory cells increases. The leak current varies 
in accordance with a variation in threshold value, and 
becomes as large as 8 mA in a worst case. Further, a 
great amount of standby leak current is generated be- 

25 cause of defective short-circuiting, which may well occur 
between a word line and a bit line in a highly integrated 
memory. A leak current per one defect in the memory is 
about 1 20 uA. If there are sixty defects in a memory chip, 
the sum of the leak currents of the defects is substan- 

30 tially equal to the leak current of the transistors of the 
chip. 

[0086] On the other hand, the refresh current de- 
creases in inverse proportion to the pause time. As is 
evident from FIG. 10, in the 1Gb DRAM, the leak current 
35 is larger than the refresh current. The leak current of the 
present invention is, in the case of a pause time of 10 
seconds, about 4.5 figures of the conventional leak cur- 
rent. In the case of including the refresh current, the 
standby current of the present invention is about 2.5 fig- 
40 ures of the conventional one. 

[0087] Further, there are experimental results, which 
proves that in the SOI transistor, the impact ionization 
factor of the channel is lower and the cut-off character- 
istics is better in the case of the nMOS type than in the 
45 case of the pMOS type. In light of this, it is considered 
to change nMOS memory cell transistors to pMOS ones. 
This change can be easily performed by forming the 
source, channel and drain of the transistor of a p-n-p 
junction as shown in parentheses in FIGS. 7A and 7B. 
50 The DRAM core circuit can also be realized with ease 
by reversing the conductivity types. 
[0088] Such an inverted example is shown in FIG. 
22A, etc., which will be referred to later. Moreover, since 
the memory cell transistor does not need a high driving 
55 function, various manners are considered to enhance 
only the cut-off characteristics, as will be explained later 
with reference to FIGS. 28A and 28B, etc. 
[0089] In the memory cell transistor shown in FIG. 7B, 
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it is desirable to use a p-type gate in the nMOS transis- 
tor, and an n-type gate in the pMOS transistor, so as to 
increase the threshold voltage mainly by the difference 
in working function between the gate and the channel. 
[0090] In addition, the depletion type transistors 
shown in FIGS. 5A and 5B may have substrate contacts 
or not. When the SOI transistors are used, there is a 
case where a leak current increases due To a tunnel cur- 
rent between bands when the voltage Vgs has a nega- 
tive value, as indicated by the current lines B and D 
shown in FIG. 8. In this case, the leak current can be 
reduced even at the time of standby by the Vss pre- 
charge method employed in case (A) of FIG. 6. 

(Second Embodiment) 

[0091] FIG. 11 shows the operation of the second em- 
bodiment. The structure of the second embodiment is 
the same as that of the first embodiment, and hence is 
not shown and explained. In the second embodiment, 
the turn-on and -off of the power supply is notified from 
the outside to the DRAM chip by inputting a signal 
through a pin, so as to protect memory cell data from 
noise which will occur at the time of turn-on and -off of 
the power supply. 

[0092] As is shown in FIG. 6, a control signal VHH is 
set to high level after a set-up time passes from the start 
of the supply of the power voltage Vcc, and set to low 
level at the time of standby. Then, after a chip halt time 
passes, the power supply is turned off. 

(Third Embodiment) 

[0093] FIGS. 12A and 12B show the circuit structure 
of a third embodiment of the invention. 
[0094] It is possible that noise will enter the circuit 
through the pin employed in the second embodiment for 
notifying the set-up and halt state of a chip, and hence 
that the signal relationship between the plate, noise or 
the like enters the bit tines and the word lines will vary 
and accordingly cell data will leak from the circuit. Such 
data leak must be avoided. Moreover, also at the time 
of detaching the DRAM chip from a socket, the circuit 
must be protected from entrance of noise such as static 
electricity through the pin, in order to protect cell data 
for 1 0 years. 

[0095] FIGS. 1 2 A and 12B show a circuit for protect- 
ing a DRAM chip from noise. 

[0096] As is shown in FIG. 12A, a capacitor CO and a 
resistor R0 are connected between the terminals, in ad- 
dition to the usual input protect circuit, so that a low level 
noise pulse input from an external VHH pin can be re- 
duced to the potential Vss through the resistor R0, there- 
by fixing the internal VHH signal to the potential Vss. 
The capacitor CO is provided to prevent the VHH signal 
level from easily varying even when a high level pulse 
is temporarily applied thereto. 

[0097] FIG. 12B shows an input circuit which has a 



higher resistance against noise. Unless a long signal 
pulse enters the VHH terminal and passes a resistor R1 , 
and the potential of a node A is shifted to high level at 
a time point determined by the time constants of the re- 

5 sistor R1 and a capacitor C1 , noise input from the VHH 
terminal is guided to the Vss terminal through a deple- 
tion type transistor Q29jwhich has a threshold voltage 
slightly higher than 0. At the time of intentionally setting 
the VHH signal to high level, the threshold voltage of the 

10 transistor Q29 is reduced to a slightly negative value as 
a result of a substrate bias effect, and hence the tran- 
sistor Q29 is cut off. 

(Fourth Embodiment) 

15 

[0098] FIGS. 1 3A to 1 3D are block diagrams, showing 
a fourth embodiment of the invention. 
[0099] The above-described VHH signal may be gen- 
erated by a DRAM controller chip or a CPU chip as 
20 shown in FIG. 1 3A, or by a power management chip as 
shown in FIG. 1 3B. Alternatively, the signal may be gen- 
erated by a power management circuit including a pow- 
er supply as shown in FIG. 13C. 
[01 00] The power management circuit or chip may in- 
25 corporate a circuit for detecting the turn on of the power 
supply, as well as circuits for generating the VHH signal 
and detecting the turn off of the power supply, so as to 
set the VHH terminal to low level. In addition, to generate 
the VHH signal, the power management chip, etc. may 
be turned on and off by manually operating a computer, 
etc., more specifically by supplying a command signal 
thereto or by operating a switch. It is a matter of course 
that the VHH signal may be generated by sensing a re- 
duction in the voltage of the battery or sensing the inter- 
ruption of the external power voltage. Furthermore, a 
command or the like may be used in place of the signal 
VHH. 

[0101] In addition to the above-described method for 
completely turning off the system power supply or the 
DRAM power supply, a method for turning off the power 
supply in a sleep mode is considered. FIG. 13D shows 
the method for turning off the power supply in the sleep 
mode. 

[0102] In the conventional sleep mode, the power 
supply of the CPU is turned off by the power manage- 
ment circuit, while the DRAM controller and the DRAM 
power supply are kept on. In a first method of the inven- 
tion, the power supplies of the DRAM controller and the 
DRAM are turned off with keeping the power supply of 
the CPU in an on state in the sleep mode. This is be- 
cause the refresh operation is not necessary in the sleep 
mode, and accordingly a refresh signal is not necessary, 
which consist of a refresh signal REF or a signal com- 
bination of /RAS and /CAS, such as /CAS before /RAS. 
[0103] Furthermore, in the case of a DRAM with a 
built-in refresh circuit, only the power supply of the re- 
fresh circuit is also turned off in the sleep mode. 
[0104] In a second method of the invention, all the 
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power supplies of the CPU, the DRAM controller, and 
the DRAM are kept off in the sleep mode. 
[0105] As a third method, a method of turning off the 
power of only DRAM is considered with keeping the 
CPU and the DRAM controller in an on state. 

(Fifth Embodiment) 

[0106] FIGS. 14A and 14B show a fifth embodiment 
of the invention. FIG. 14A is a circuit diagram, while FIG. 
14B is a view of signal waveforms. 
[0107] Practically, it is preferable that the external 
VHH signal has the same amplitude as the power volt- 
age Vcc. However, since the invention employs deple- 
tion type transistors Q0 to Q3 as shown in FIGS. 5A and 
5B, a voltage of a higher level than the power voltage 
Vcc is necessary to cut off the transistors. To this end, 
an external signal which has a higher level than the pow- 
er voltage Vcc may be used as the external VHH signal, 
or the external VHH signal may have its level boosted 
in the chip as shown in FIGS. 14A and 14B. 
[0108] In the circuit as shown in FIGS. 14A and 14B, 
the level of the external VHH signal which has the same 
amplitude as the power voltage Vcc is boosted by a 
pump circuit employed therein. The level of the internal 
VHH signal increases a little after the supply of the pow- 
er voltage Vcc is started, and decreases before the sup- 
ply of the power voltage Vcc is stopped. This means that 
the level of the VHH signal becomes high during supply 
of the power voltage Vcc, and hence Vcc or Vss may be 
used as the power voltage of the internal VHH signal 
generating circuit. 

[0109] In the circuit of FIG. 14A, while the external 
VHH signal is at low level, the level of the internal VHH 
signal is reduced to Vss by means of a transistor Q30, 
and an oscillator employed therein is kept inoperative, 
thereby keeping the internal VHH signal at Vss. When 
the external VHH signal is set to high level, the oscillator 
is operated to cause a pump circuit (booster circuit) to 
boost the internal VHH signal. When the internal VHH 
signal has been increased to a predetermined level, an 
oscillator stop signal is shifted to low level to stop the 
operation of the oscillator. 

(Sixth Embodiment) 

[0110] FIGS. 15A and 15B show a sixth embodiment 
of the invention. FIG. 1 5A is a circuit diagram, while FIG. 
15B is a view of signal waveforms. 
[0111] After the power supply is turned on, a PWRON 
signal is shifted from low level to high level. Where a 
power-on detecting circuit is incorporated in the DRAM 
chip for shifting the internal VHH signal to high level, the 
external VHH signal is not necessary at the time of turn- 
ing on the power supply. 

[0112] A signal output from the power-on detecting 
circuit can be also used to reset various circuits. In the 
sixth embodiment, to minimize erroneous operations of 



various circuits, they are reset at the time of turning on 
the power supply by means of the reset signal as well 
as the VHH signal. Further, in order to prevent errone- 
ous operations, internal signals /RAS, /CAS, /WE of 
5 main circuits in the chip are reset by the VHH signal such 
that the signals can constitute the same logic circuit at 
the time of turning on and off the power supply asjatthe 
time of standby. 

[0113] At the time of turning off the power supply, a 
*o halt signal may be input from the outside as shown in 
FIG. 15B, or as shown in FIGS. 16A and 17A. 
[0114] FIGS. 16A and 17A are views of halt signal 
generating circuits. FIGS. 16B and 17B are timing charts 
concerning halt signals generated by the circuits shown 
15 in FIGS. 16A and 17A, respectively. 

[0115] In the case of FIG. 16B, a halt signal is gener- 
ated using a predetermined program so that signals / 
CAS and /WE can be set to low level before setting a 
signal /RAS to low level, and then the signal /WE can 
be shifted from high to low levels and vice versa four 
times. In the cases of FIG. 1 7B, the halt signal is shifted 
to high level, when the power supply has been turned 
off and the power has been reduced to a value lower 
than a constant value of Vcc-min. 
[0116] In the logic circuit shown in FIGS. 15A and 
15B, the VHH signal can operate correctly even if the 
halt signal is influenced by noise at the time of turning 
on the power supply. Thus, in both the cases (A) and (B) 
of FIG. 17B where different halt signals are generated, 
a desired VHH signal is generated. 
[01 1 7] As explained above, a signal indicative of pow- 
er-on or -off may be input to the DRAM chip from the 
outside. Alternatively, signals indicative of both power- 
on and -off may be input to the DRAM chip and detected 
by a circuit employed therein for detecting them. In the 
latter case, the power-on and -off can be easily per- 
formed as in other non-volatile memories. 

(Seventh Embodiment) 

[01 1 8] FIG. 1 8 is a circuit diagram, showing a row de- 
coder circuit according to a seventh embodiment of the 
invention. - -■ 

[0119] In this embodiment, noise which adversely af- 
fects the word lines and occurs when the power supply 
is turned on or off, or is in the off state is restrained by 
adding, to a conventional row decoder circuit, a circuit 
including depletion type transistors. 
[0120] In general, when the mode is shifted from the 
standby mode to the active mode, a /PRCH signal is 
shifted from low level to high level, and only the row de- 
coder is selected by address inputs XA0, XB0, XCO and 
XD0, thereby shifting the node B to low level. Then, a 
node C is shifted to low level, thereby shifting that one 
of word lines WLO to WLm-1 to high level, which corre- 
sponds to a high level one of word line driving signals 
WDRV0 to WDRVm-1. As a result, a corresponding 
memory cell is selected. 
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[0121] In the above circuit, in the standby mode, the 
node C must be set at high level, and the word line driv- 
ing signals WDRVO to WDRVm-1 and the word lines 
WLO to WLm-1 must be set at Vss. Further, when the 
power supply is turned on or off, or is in the off state, the 5 
word lines WLO to WLm-1 must be fixed at Vss. 
[0122] In the seventh embodiment, depletion type 
"pMOSlraWsistbTs ; Q1415 Q16 a7e~addedTo enabTelhe - 
VHH signal to be set at Vss when the power supply is 
turned on or off, or is in the off state, and to enable the 10 
Vss line and the word lines WLO to WLm-1 to be con- 
ductive, in order to prevent the erroneous operations of 
circuits in the row decoder due to noise. 
[0123] On the other hand, in the standby mode and 
the active mode, the VHH signal is set to high level, is 
thereby keeping the transistors Q14 to Q16 in the off 
state so as not to adversely affect the active mode. 
Moreover, to prevent current leak to the word lines WLO 
to WLm-1 through the transistors Q8 to Q10, the poten- 
tial of the node CO must be kept higher than those of the 20 
signals WDRVO to WDRVm-1 . To this end, transistors 
Q17 and Q18, an address node D and a NAND circuit 
for the VHH signal (constituted by transistors Q17 to 
Q20) are incorporated in the row decoder, such that a 
boosted potential VSV line can always be short-circuited 25 
with the node C irrespective of the potential of the node 
D when the VHH signal is at low level, thereby prevent- 
ing turn on of transistors Q8 to Q1 0. 
[01 24] In the case where the VHH signal is at high lev- 
el, when the node D is at low level, the node C is kept 30 
at high level, while when the node D is at high level, the 
node C is kept at low level. Thus, normal DRAM opera- 
tions can be performed. It should be noted that the high 
level of the VHH signal must be higher than the boosted 
potential VSV. 35 

(Eighth Embodiment) 

[0125] FIG. 19 shows an eighth embodiment of the 
invention. 40 
[01 26] This embodiment is an example of a driving cir- 
cuit for driving the word line driving signals WDRVO to 
WDRVm-1 to be input to the transistors Q8 to Q10 
shown in FIG. 18. 

[01 27] Even when current leak has occurred because 45 
of noise through the transistors Q8 to Q10, it suffices if 
the word line driving signals WDRVO to WDRVm-1 are 
set at the potential Vss when the power supply is turned 
on and off, and is in the off state. Therefore, also in the 
WDRV driving circuit, the WDRV line can be fixed to the 50 
potential Vss when the power supply is turned on and 
off and is in the off state, by providing a NAND circuit for 
the VHH signal and a cell array activating signal in a 
stage before the driving circuit. 

55 

(Ninth Embodiment) 

[0128] FIG. 20 shows a ninth embodiment of the in- 



22 
vention. 

[0129] In the ninth embodiment, no word line driving 
signals WDRVO to WDRVm-1 are applied and only the 
boost potential VSV is applied to a word line driving tran- 
sistor Q103. In this embodiment, the boosted potential 
VSV is reduced to the potential Vss by means of a tran- 
si storQ 104, and a ^NAND circuit (c onstitu t ed by tran sis- 
tors Q99 tb~Q101) is used to connect a node E to the 
boosted potential VSV line so as to prevent the level of 
the word line WLO from exceeding the potential Vss 
when the power supply is turned on and off and is in the 
off state. 

[01 30] If the driving ability of the word line may be de- 
graded, this embodiment may be modified as follows: 
[0131] A plurality of nMOS transistors are inserted be- 
tween the transistors Q8 to Q10 and the word lines WLO 
to WLm-1 and between the transistor Q103 and the 
word line WLO shown in FIGS. 18 and 20, thereby ap- 
plying the VHH signal to the gates of the transistors and 
turning on the transistors in the active mode and the 
standby mode. The VHH signal is shifted to Vss to turn 
off the transistors when the power supply is turned on 
and off and is in the off state. Only the transistors Q14 
to Q16 and Q104 may be set to Vss and turned off. 

(Tenth Embodiment) 

[0132] FIGS. 21A to 21C show a tenth embodiment 
of the invention. FIG. 21 A is a circuit diagram, FIG. 21 B 
a block diagram, and FIG. 21 C a view of signal wave- 
forms. The circuit of the tenth embodiment is necessary 
to generate the signal $T shown in the case (B) of FIG. 6. 
[0133] In the circuit shown in FIG. 21 A (and FIG. 21 B), 
a VHH* signal is generated, which is shifted to high level 
after the VHH signal is shifted to high level, in order to 
increase the level of the <j>T signal after relieving the 
short-circuiting state between the bit lines and the po- 
tential Vss with the use of the internal VHH signal, there- 
by precharging the bit lines with Vcc/2. 
[01 34] At the time of turning off the power supply, the 
VHH signal is set to low level after the VHH' signal is set 
to low level, so as to prevent short-circuiting between 
the Vcc/2 precharge circuit and the potential Vss. 

(Eleventh Embodiment) 

[01 35] FIGS. 22A and 22B show an eleventh embod- 
iment of the invention. FIG. 22A is a circuit diagram, 
while FIG. 22B is a view of signal waveforms. This em- 
bodiment is an example of a core circuit which is ob- 
tained by replacing the nMOS transistors shown in 
FIGS. 5A and 5B with pMOS transistors. 
[0136] The pMOS transistors employed in this em- 
bodiment are obtained by inverting the respective con- 
ductivity types (p and n) of the regions which constitute 
each of the transistors shown in FIGS. 5A and 5B. The 
plate is connected to the power voltage Vcc, and the 
word lines turn on the memory cell transistors with a volt- 
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age lower than Vcc. As regards the bit line precharge 
voltage, too, Vcc and Vcc/2 are used as precharge volt- 
ages in the cases (A) and (B), respectively, inversely to 
the cases (A) and (B) of FIG. 6. When the power supply 
is turned on and off, and is in the off state, current will 
not leak from the memory cells by controlling such that 
the plate is set to Vss, the word lines are set not less 
than VssTand the bit lines are set"noTmore than VssT 
[0137] If the memory cell transistor of the SOI struc- 
ture is formed of a pMOS transistor as in the eleventh 
embodiment, the cut-off characteristics thereof are fur- 
ther enhanced. Further, a /VHH signal is used in place 
of the VHH signal, inversely to FIG. 6. The level of the 
/VHH signal is kept at Vcc for a predetermined period of 
time after the power-on, and set to a value lower than 
Vss immediately before the operation mode enters the 
standby mode. At the time of power-off, the signal is set 
to Vcc and then to Vss. 

(Twelfth Embodiment) 

[0138] FIGS. 23A and 23B show a twelfth embodi- 
ment of the invention. FIG. 23A is a circuit diagram, 
while FIG. 23B is a view of signal waveforms. This em- 
bodiment is a circuit obtained by removing the depletion 
type pMOS transistors for short-circuiting the bit lines 
with the potential Vss from the circuit of FIGS. 5A and 
5B. 

[01 39] In general, as in the case (B) of FIG. 23B, since 
the bit lines are precharged with Vss/2, it is hard to make 
the level of the bit lines lower than Vss at the time of 
power-on and off. Furthermore, since the bit lines BLO, 
/BLO, BL1 and /BL1 have large capacities, the levels of 
them are hard to vary. 

[0140] Therefore, it is rather possible that the levels 
of the word lines will float at the time of power-on or -off. 
In light of this, it suffices if the VHH signal is input to the 
row decoder. Further, if correct measurements against 
noise are taken in the DRAM chip, cell charge can be 
prevented from leaking only from the Vss plate by in- 
creasing the threshold voltage of the cell transistors. 
FIG. 23A shows a case in which measurements are tak- 
en only for the word lines. 

[0141] As is shown in case (C) of FIG. 23B, the level 
of the <J>T signal can be increased at the time of power- 
on, since there are no depletion type transistors for con- 
necting the bit lines to the potential Vss. In this case, if 
the bit lines are precharged at the same time as the pow- 
er-on, charge leak does not occur. On the other hand, 
at the time of power-off, cell charge will not leak to the 
bit lines through the transistors since they have large 
capacities and the bit line potential is reduced from Vss/ 
2 to Vss in a long time. 

(Thirteenth Embodiment) 

[0142] FIGS. 24A and 24B show a thirteenth embod- 
iment of the invention. FIG. 24A is a circuit diagram, 



while FIG. 24B is a view of signal waveforms. This em- 
bodiment is an example obtained by replacing the de- 
pletion type pMOS transistors shown in FIGS. 5A and 
5B with depletion type nMOS transistors. This embodi- 
5 ment can perform the same operation as the circuit 
shown in FIGS. 5A and 5B if the /VHH signal is used in 
place of the VHH sjgnaL 

(Fourteenth Embodiment) 

10 

[0143] FIG. 25 shows a row decoder applied to a cir- 
cuit similar to the circuit FIG. 22A except that pMOS 
transistors are used in place of the nMOS transistors. 
This decoder can easily be realized by modifying the de- 
15 coder of FIG. 18 such that the nMOS transistors are ex- 
changed with pMOS transistors and vice versa, Vss is 
shifted to Vcc, and the boost voltages such as VHH, 
VSV, WDRV0 to WDRVm-2 are changed to A/HH, A/SV, 
AWDRV0 to /WDRVm-2, respectively. 

20 

(Fifteenth Embodiment) 

[0144] FIGS. 26A and 26B show a fifteenth embodi- 
ment of the invention. FIG. 26A is a circuit diagram, 

25 while FIG. 26B is a view of signal waveforms. 

[0145] In this embodiment, the plate (see FIG. 23A) 
is reduced to a level lower than Vss a little after the pow- 
er supply is turned on, to thereby operate the DRAM, 
and is returned to Vss before the power supply is turned 

30 off. 

[01 46] With this structure, the potential of the storage 
node is shifted to the positive side as a result of data 
writing in the memory cell at the time of power-on and 
-off. Therefore, if low noise enters the word lines, the 
35 source of the memory cell transistor floats. When the 
drain of the memory cell transistor increases to Vcc/2 in 
accordance with an increase in Vss, no cell data leaks 
from the memory cell transistor, and the transistor is kept 
off. 

to [0147] In case (B) of FIG. 26B, the same effect can 
be obtained without applying the VHH signal when the 
level of the plate slowly increases, since the plate has 
a large capacity. At the time of power-off, however, it is 
necessary to quickly reduce the plate level to Vss. Fur- 

45 ther, in the case (B), no VHH signal is necessary even 
if there is slight word line noise. Thus, a DRAM which 
can hold data even after power-off can be realized with 
a simple structure. 

[0148] As aforementioned, setting the threshold volt- 
50 age of the cell transistor to a value higher than the value 
set in the FIG. 8 case enables such a DRAM as can hold 
data even after power-off, to be realized with the plate 
level kept at Vss without the VHH signal. 



[0149] FIGS. 27A and 27B show a sixteenth embod- 
iment of the invention. FIG. 27A is a circuit diagram, 



55 (Sixteenth Embodiment) 
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while FIG. 27B is a view of signal waveforms. 
[0150] This embodiment aims to minimize the power 
consumption in a long sleep mode in a state where the 
supply of the external power voltage Vcc is not stopped. 
To this aim, an internal power voltage Vint is provided. 5 
When the external VHH signal is input, a switch for con- 
necting the internal power voltage Vint to the potential 
Vss is turned off, thereby "completely reducing the po- 
tential of the internal circuit to Vss in the sleep mode. 
Thus, the power consumption of the internal circuit be- 10 
comes 0. 

[0151] In this case, an internal VHH signal which has 
a pulse width smaller than that of the internal power volt- 
age Vint (used in place of the external power voltage 
Vcc) is generated by a selection delaying circuit shown 1$ 
in FIGS. 27A and 27B, and the bias conditions for the 
memory cell transistor is controlled so as to prevent 
leakage of cell data when the internal power supply is 
turned on and off and is in the off state. 
[0152] The internal power voltage Vint may be equal 20 
to the external power voltage Vcc, or may be lower than 
Vcc in order to enhance the reliability and reduce the 
power consumption in the active mode. 

(Seventeenth Embodiment) 25 

[0153] FIGS. 28A and 28B are sectional views, show- 
ing an element structure according to a seventeenth em- 
bodiment of the invention. 

[0154] If in the case of using memory cells with SOI 30 
transistors, the transistor has excellent cut-off charac- 
teristics, the time for which the power supply can be kept 
in the off state can be increased and accordingly the 
power consumption can be reduced. 
[0155] FIG. 28A shows a method for reducing the cut- 35 
off leak current, in which the amount of leak current is 
minimized by reducing the thickness of only the channel 
through which the current leaks. 
[01 56] FIG. 28B shows a method for reducing the cut- 
off leak current by inserting an insulator or a semi-insu- 40 
lator in part of the channel. In this case, the power-on 
current may be reduced together with the cut-off leak 
current. However, since it is not necessary to increase 
the driving ability of each memory cell transistor of the 
DRAM at the time of power-on, it is important to reduce 45 
the cut-off leak current even if the power-on current is 
reduced together. 

(Eighteenth Embodiment) 

50 

[0157] FIGS. 29A and 29B show an eighteenth em- 
bodiment of the invention. FIG. 29Ais a circuit diagram, 
while FIG. 29B is a view of signal waveforms. 
[01 58] To fix the word line power voltage itself to 0 V 
when the power supply is turned on or off or is in the off 55 
state, there is another method for preventing non-select- 
ed word lines from floating or exceeding 0 V because of 
an erroneous operation then. 



[0159] To this end, the external VHH signal is shifted 
to high level after power-on, and to low level before pow- 
er-off. As a result, an internal VHH0 signal and an inter- 
nal VHH1 signal are created. The internal VHH0 signal 
is shifted to high level slightly after the internal VHH1 
signal is shifted to high level, and is shifted to low level 
slightly before the internal VHH1 signal is shifted to low 
leveir " 

[0160] The power supply is turned on before the 
VHH0 and VHH1 signals are shifted to high level, and 
the block selecting address and the row address are set- 
tled in the standby mode, thereby preventing erroneous 
operations. When the VHH0 signal is shifted to high lev- 
el, the internal booster circuit operates to boost the word 
line driving power voltage VSV. To prevent an increase 
in the level of the non-selected word lines because of 
an erroneous operation at the time of power-off, the po- 
tential VSV is reduced to Vss by the external VHH signal 
before the turn off of the power supply, and then the pow- 
er supply is turned off. It is a matter of course to keep 
VSV at Vss in the off state of the power supply. As a 
result, an increase in the levels of the non-selected word 
lines is avoided, and accordingly loosing of cell data is 
avoided. 

[0161] A transistor Q111 is provided for setting VSV 
to Vss when the power supply is in the on state and the 
VHH0 signal is at low level. Thus, VSV can quickly be 
set to Vss when the VHH0 signal is set to low level be- 
fore turn off of the power supply. 
[0162] The above operation can prevent the potential 
VSV from leaking to the word lines WL because of er- 
roneous operations in the VSV potential line of VSV, 
WDRVO and WL0. However, if a transistor Q108 is 
turned on and a transistor Q 109 is turned off because 
of an erroneous operation, of if both the transistors Q108 
and Q109 are turned off, the word lines WL may float. 
At this time, it is possible that the levels of the word lines 
WL become higher than 0 V because of noise generated 
from the cell array, etc. at the time of power-on or -off. 
A depletion type nMOS or pMOS transistor as used in 
FIG. 18 can prevent the above. 

(Nineteenth Embodiment) 

[0163] FIGS. 30A and 30B show a nineteenth embod- 
iment of the invention. Although depletion type nMOS 
transistors are used in FIG. 29A, depletion type pMOS 
transistors are used in the nineteenth embodiment. FIG. 
30A is a block diagram, while FIG. 30B is a view of signal 
waveforms. 

[0164] FIGS. 29A and 30A differ from each other only 
in gate signals A/HH1 and VHHV and their control cir- 
cuits. In the FIG. 29A circuit, the gate signal /VHH1 is 
set to the potential Vss when the power supply is turned 
on or off, or is in the off state, and to a negative potential 
lower than Vss only when the internal VHH1 signal is at 
high level. Further, the depletion type nMOS transistors 
are turned off. In this state, the DRAM operates normal- 
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ly. At times other than the above, the gate signal A/HH1 
is set to Vss or Vcc (in case A or B shown in FIG. 29B), 
thereby preventing the floating states of the non-select- 
ed word lines WL. 

[01 65] The FIG. 29A circuit employs a circuit consist- 5 
ing of transistors Q110 to Q114, and a negative voltage 
generator, for promptly returning the A/HH1 signal from 
the negative potential to the potential Vss before power- 
off and when the internal VHH1 is shifted from high level 
to low level. When the power supply is in the on state, 10 
a A/B line generates a negative voltage. Using this neg- 
ative voltage, the VHH1 signal is converted to a potential 
with an amplitude between Vss and A/B, thereby to con- 
trol the transistor Q110. As a result, when the VHH1 sig- 
nal is shifted to low level, the gate potential of the tran- is 
sistor Q110 is reduced to the potential A/B, and the 
A/HH1 signal is increased to Vss. Also at the time of 
power-on, the A/HH1 signal is kept at Vss or Vcc unless 
the VHH1 signal is shifted to high level. 
[0166] Further, to reliably keep the A/HH1 signal at 20 
Vss when the power supply is turned on or off, or is in 
the off state, a stabilizing capacitor C2 and a resistor R2 
are provided. By virtue of them, the A/HH1 signal can 
be returned to Vss even if noise occurs. If the resistance 
of the resistor R2 is low, the A/HH signal can easily be 25 
set to Vss. In this case, however, the amount of leak 
current increases in the power-on state, and an effective 
result cannot be obtained. In light of this, the resistance 
of the resistor R2 must be set to an appropriate value. 
The time delay in the generation of the VHHO signal and 30 
the VHH1 signal is provided for eliminating a through 
current. Preferably, the degree of time delay is set to a 
minimum value which will not cause the through current. 
[0167] The FIG. 30A circuit employs substantially the 
same principle as the FIG. 29A circuit. The former differs 35 
from the latter only in that the former uses the VHHV 
signal of a positive potential and depletion type pMOS 
transistors. Although in the FIG. 30A circuit, the VHH1" 
signal must be reduced to the potential Vss when the 
VHH signal is shifted to low level, this operation can be *o 
realized by simple control using a transistor Q119. This 
is because no power conversion is necessary in the FIG. 
30A circuit, which differs from the FIG. 29A circuit. In 
addition, the FIGS. 29A and 30A circuits do not require 
all transistors Q103, Q104, Q105, Q115. Q116 and 45 
Q117. It suffices if the lines to be fixed to Vss are con- 
trolled to Vss. 

[0168] The internal VHHV signal and the internal 
A/HH1 signal, etc. corresponding to the external VHH 
signal are generated by some circuits/and show high 50 
resistance against noise input through the external VHH 
pin. For example, if a ring circuit or the pump circuit, such 
as the booster circuit, does not operate a long time after 
power-on, the internal VHH 1" and A/HH1 signals will not 
be generated. Further, there are provided stabilizing ca- 55 
pacitors C2 and C3, stabilizing resistors R2 and R3, and 
stabilizing transistors Q103, Q110, Q118 and Q119. 
[0169] The FIGS. 29A and 30A circuits are disadvan- 



tageous in that the VHH1 signal, which has a negative 
value, makes it difficult to handle a conversion circuit, 
etc. On the other hand, they are advantageous in that 
the A/HH1 signal may have an amplitude smaller than 
the VHH 1 signal. This is because a potential higher than 
the boosted potential VSV is necessary to turn off the 
transistors Q103, Q104 and Q105, where the boosted 
potential VSV higher than the potential Vss is applied. 
On the other hand, the lower limit of the lines VSV, 
WPRV0, WL, etc. is Vss, and therefore those transistors 
can be turned off by setting the A/HH1 to a value lower 
than Vss. 

[0170] In FIGS. 29A and 22A, address input signal cir- 
cuits for an array block selector and a row decoder may 
be formed of a general circuit or that NAND circuit con- 
sisting of depletion type transistors, which is similar to 
that located in front stages of the circuits shown in FIGS. 
18 to 20 and 25. Although the FIGS. 18 to 20'circuits 
employ depletion type pMOS transistors, they may em- 
ploy depletion type nMOS transistors in place of the 
pMOS ones, using the A/HH1 signal as the input signal, 
as in the FIG. 29A circuit. 

(Twentieth Embodiment) 

[0171] FIGS. 31 A through 31 C show a twentieth em- 
bodiment of the invention. FIGS. 31 A and 31 B are circuit 
diagrams, while FIG. 31 C is a view of signal waveforms. 
In this embodiment, no depletion type transistors are 
employed, and two boosted potentials VSV and VSV 
generated from different circuits are used. The boosted 
potential VSV* is shifted between high and low levels in 
synchronism with the turn-on and -off of the power sup- 
ply, and the other boosted potential VSV is shifted to 
high level after the voltage VSV is shifted to high level, 
and VSV is shifted to low level before VSV is shifted to 
low level. 

[0172] Since VSV is shifted to high level before VSV 
is shifted to high level, nodes A and B are set at VSV 
before VSV is shifted to high level, and accordingly do 
not receive noise which will occur when VSV is shifted 
to high level. On the other hand, in a case where VSV 
VSV, it is possible that circuits located in front stages 
will erroneously operate at the time of shifting VSV to 
high level. Since VSV is kept at high level at the time of 
shifting VSV to low level, the circuits in the front stages 
are set at VSV and no erroneous operation will occur 
at the time of shifting VSV to low level. 
[01 73] As described above, erroneous operations can 
be prevented in circuits located in front stages by using 
two types of boosted potentials VSV and VSV, or pro- 
viding depletion type nMOS or pMOS transistors in front 
stages. 

(Twenty First Embodiment) 

[01 74] FIGS. 32A and 32B show a twenty first embod- 
iment of the invention. FIG. 32A is a circuit diagram, 
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while FIG. 32B is a view of signal waveforms. 
[0175] In this embodiment, depletion type transistors 
are used in place of two types of boosted potentials VSV 
and VSV and a NAND circuit, in order to reduce the 
scale of the circuits located in the front stages. The time 
points, at which the VSV, A/HH1 and VHH1 signals are 
shifted between high and low levels, are reverseto 
those in the case shown in FIGS. 29A and 29B. 
[0176] Even if control signals for driving the lines 
WDRVO and WL erroneously operate at the times of 
shifting VSV to high and low, thereby allowing the po- 
tential VSV to leak to the word lines WL, the level of the 
lines WL is forced to Vss by the depletion type transis- 
tors. However, the transistor Q103 is left to prevent the 
leakage. If necessary, the VHH1' and /VHH1 signals 
supplied at different time points may be used. 

(Twenty Second Embodiment) 

[0177] FIGS. 33A and 33B show a twenty second em- 
bodiment of the invention. FIG. 33A is a circuit diagram, 
while FIG. 33B is a view of signal waveforms. 
[0178] In this embodiment, depletion type transistors 
are used in place of two types of boosted potentials VSV 
and VSV and a NAND circuit, in order to reduce the 
scale of the circuits located in the front stages. The time 
points, at which the VSV, A/HH1 and VHH1 signals are 
shifted between high and low levels, are reverse to 
those in the case shown in FIGS. 30A and 30B. 
[0179] Even if control signals for driving the word line 
driving signals WDRVO and the word lines WL errone- 
ously operate at the times of shifting VSV to high and 
low, thereby allowing the potential VSV to leak to the 
word lines WL, the level of the lines WL is forced to Vss 
by the depletion type transistors. However, the transistor 
Q115 is left to prevent the leakage. If necessary, the 
VHH1' and A/HH1 signals supplied at different time 
points may be used. 

[0180] As explained above with reference to FIGS. 
29A to 33B, the external VHH signal is used to set the 
word line driving voltage VSV to 0 V before power-off, 
and the voltage VSV is boosted after the power supply 
is turned on and then a long time passes, in order to 
prevent non-selected word lines from shifting to a level 
higher than 0 V at the time of power-on or -off because 
of an erroneous operation, thereby destructing cell data. 
Moreover, as shown in FIGS. 5A, 22A and 23A, etc., the 
plate potential is set to 0 V irrespective of whether the 
power supply is turned on or off, in order to prevent de- 
struction of "0" data due to reduction of the plate poten- 
tial from Vcc/2 to 0 V after power-off. 
[0181] To prove the above, experiments were per- 
formed using a 64Kb DRAM test device. FIGS. 34 to 37 
show the experimental results. 
[0182] FIG. 34 shows a result obtained by turning off 
the power supply after ceil data is written, turning on the 
same 0.4 second after, and then reading the data. In this 
case, in accordance with the conditions of the invention, 



the word line driving voltage VSV is set to 0 V tDELAY 
(10 u.S) before power-off, and increased to high level 
tDELAY (10 \iS) after power-on. The plate potential 
(VPL) and the bit line precharge voltage (VBL) are used 

5 as parameters. The result proves that cell data can be 
held even after the power supply is turned off by setting 
the word line driving voltage VSV to_0V before power- 
off, then increasing the voltage VSV to high level after 
the power supply is turned on and a predetermined time 

10 period passes, and setting the plate electrode to 0 or a 
value near 0. 

[01 83] FIG. 35 shows power-off time periods obtained 
when the plate potential is set to 0 V and the tDELAY is 
used as a parameter. As is evident from FIG. 35, the 
15 word line floating, which may occur because of errone- 
ous selection of a word line when the power supply is 
turned on and off, can be avoided by keeping the word 
line driving voltage VSV at 0 V for a tDELAY period of 
800 ns or more. 
20 [0184] FIG. 36 shows the number of accumulated de- 
fective bits contained in data read from the 64Kb test 
DRAM, which were obtained under the conditions of 
VPL = V and tDELAY = 10 S based on the results of 
FIGS. 34 and 35, using, as parameters, the data holding 
25 time period in the standby mode in the ON-state of the 
DRAM power supply in the conventional case, and the 
power-off time period set in the present invention. As is 
evident from FIG. 36, the defective bit numbers obtained 
in the conventional case and the present invention are 
30 substantially equal to each other. This means that the 
present invention can hold cell data to the same degree 
as the conventional device, although the power supply 
is turned on and off in the present invention. 
[0185] FIG. 37 shows the results of harder experi- 
35 ments than the above. In this case, the power supply is 
turned off after data is written in the DRAM, the power 
supply is then turned on, the data is read, the power sup- 
ply is turned off and then on, and the data is again read. 
These operations were repeated such that the power 
to supply was turned on and off 100 times. As can be un- 
derstood from FIG. 37, during 100 times repetitions of 
the turn on and off of the power supply, the DRAM can 
operate in a reliable manner, free from unintentional da- 
ta destruction or shortening of the power-off time period. 
45 Thus, in the present invention, cell data will not be lost 
even when the power supply is turned on and off. Fur- 
ther, the power-off time period can be elongated if SOI 
transistors are employed in the memory device. As a 
result, the present invention can provide a memory de- 
50 vice superior to the conventional non-volatile memory 
devices in that data can be written therein at high speed 
an infinite number of times. 
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1. A semiconductor memory device comprising: 
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a plurality of word lines (WL); 

a plurality of bit lines (BL) intersecting the word 

lines; and 

memory cells (M) selectively arranged at inter- 
sections of the word lines (WL) and the bit lines 5 
(BL), and each consisting of a transistor and a 
capacitor (C) t the_ transistor having a gate 
thereof connected to a corresponding one of 
the word lines (WL), a drain thereof connected 
to a corresponding one of the bit lines (BL), and 10 
a source thereof connected to an end of the ca- 
pacitor and serving as a memory node, the ca- 
pacitor (C) having another end thereof connect- 
ed to a plate electrode, 

wherein, 15 
in an active mode, assumed when a power sup- 
ply is in an on state, a transistor of a memory 
cell (M) which is connected to a selected one 
of the word lines (WL) is turned on, and those 
transistors of the other memory cells (M) which 20 
are connected to non-selected word lines (WL) 
are in an off state; and 

in a standby mode assumed when the power 
supply is in the on state, the transistors of all 
the memory cells (M) are in an off state, 25 
when the power supply is in an off state, the 
transistors of all the memory cells (M) are in an 
off state, and 

when the power supply is turned on and off, the 
transistors of all the memory cells are in an off 30 
state, 

characterized in that the device further com- 
prises setting means (Q14, Q15) to set the voltage 
of the word line (WL) to ground level at the time of 35 
turn-on or turn-off of the power supply. 

2. The semiconductor memory device according to 
claim 1, characterized in that in the off state of the 
power supply, a node of the word line (WL) is con- *o 
nected to a ground potential by means of depletion 
type pMOS or nMOS transistors, such that the word 
line (WL) is set at the ground potential. 

3. A semiconductor memory device comprising: 45 

a plurality of word lines (WL); 

a plurality of bit lines (BL) intersecting the word 

lines; and 

memory cells (M) selectively arranged at inter- so 
sections of the word lines (WL) and the bit lines 
(BL), and each consisting of a transistor and a 
capacitor (C), the transistor having a gate 
thereof connected to a corresponding one of 
the word lines (WL), a drain thereof connected 55 
to a corresponding one of the bit lines (BL), and 
a source thereof connected to an end of the ca- 
pacitor and serving as a memory node, the ca- 



pacitor (C) having another end thereof connect- 
ed to a plate electrode, 
wherein, 

in an active mode, assumed when a power sup- 
ply is in an on state, a transistor of a memory 
cell (M) which is connected to a selected one 
of the word lines (WL) is turned on, and those 
transistors of the other memory cells (M) which 
are connected to non-selected word lines (WL) 
are in an off state; and 

in a standby mode assumed when the power 
supply is in the on state, the transistors of all 
the memory cells (M) are in an off state, 
when the power supply is in an off state, the 
transistors of all the memory cells (M) are in an 
off state, and 

when the power supply is turned on and off, the 
transistors of all the memory cells are in an off 
state, 

characterized in that the device further com- 
prises setting means (Q0 to Q4) to set the voltage 
of the bit line (BL) to ground level at the time of turn- 
on or turn-off of the power supply. 

4. The semiconductor memory device according to 
claim 3, characterized in that in the off state of the 
power supply, a node of the bit line (BL) is connect- 
ed to a ground potential by means of depletion type 
pMOS or nMOS transistors, such that the bit line 
(BL) is set at the ground potential. 

5. The semiconductor memory device according to 
claim 1 or 3, characterized in that each of the tran- 
sistors is a pMOS transistor or an nMOS transistor 
formed on an insulating layer. 

6. The semiconductor memory device according to 
claim 1 or 3, characterized in that an Si layer which 
constitutes at least part of a channel portion of each 
transistor is thinner than the thickness of an Si layer 
which constitutes the source or drain of the transis- 
tor. 

7. A semiconductor memory device according to 
claims 1 or 3, 

characterized by means for receiving, from 
the outside of the memory device, a predetermined 
signal or a predetermined command before turn-on 
of a power supply, or for detecting the turn-on of the 
power supply, and means for receiving, from the 
outside of the memory device, a predetermined sig- 
nal or a predetermined command before turn-off of 
a power supply, or for detecting the turn-off of the 
power supply, so that data stored in the memory 
cells before the turn-off of the power supply can be 
held even when the power supply is again turned 
on after the turn-off thereof. 
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Patentanspruche 

1. Halbleiterspeichervorrichtung mit: 

einer Mehrzahl von Wortleitungen (WL); 5 
einer Mehrzahl von Bitleitungen (BL), die die 
Wortleitungen schneiden; und 
SpeicherzellenlM),^die selektTv an Schnittstel- 
len der Wortleitungen (WL) und der Bitleitun- 
gen (BL) angeordnet sind, und die jeweils aus 10 
einem Transistor und einem Kondensator (C) 
aufgebaut sind, wobei ein Gate des Transistors 
mit einer entsprechenden Wortleitung (WL), ein 
Drain des Transistors mit einer entsprechen- 
den Bitleitung (BL) und eine Source des Tran- 1$ 
sistors mit einem Ende des Kondensators ver- 
bunden ist und als ein Speicherknoten dient, 
wobei der Kondensator (C) mit seinem anderen 
Ende mit einer Plattenelektrode verbunden ist, 
wobei in einem aktiven Modus, der angenom- 20 
men wird, wenn eine Leistungsversorgung in 
einem AN-Zustand ist, ein Transistor einer 
Speicherzelle (M), der mit einer ausgewahlten 
Wortleitung (WL) verbunden ist, angeschaltet 
ist, und diejenigen Transistoren der anderen 25 
Speicherzelle (M), die mit nicht ausgewahlten 
Wortleitungen (WL) verbunden sind, in einem 
AUS-Zustand sind; und 
in einem Standby-Modus, der angenommen 
wird, wenn die Leistungsversorgung in dem 30 
AN-Zustand ist, die Transistoren aller Spei- 
cherzellen (M) in einem AUS-Zustand sind, 
wenn die Leistungsversorgung in einem 
AUS-Zustand ist, die Transistoren aller Spei- 
cherzellen (M) in einem AUS-Zustand sind, und 35 
wenn die Leistungsversorgung an- und ausge- 
schaltet wird, die Transistoren aller Speicher- 
zellen in einem AUS-Zustand sind, 

4. 

dadurch gekennzeichnet, dass die Vorrich- <o 
tung ferner Einsteilmittel (Q1 4, Q1 5) umfaBt, urn die 
Spannung der Wortleitung (WL) auf Massepegel 
zur Zeit des Abschaltens oder Anschaltens der Lei- 
tungsversorgung einzustellen. 

45 

2. Halbleiterspeicher gemaB Anspruch 1, dadurch 
gekennzeichnet, daft in dem AUS-Zustand der 5. 
Leistungsversorgung ein Knoten der Wortleitung 

(WL) mit einem Massepotential mittels pMOS- oder 
nMOS-Verarmungstransistoren verbunden ist, so 50 
daB die Wortleitung (WL) auf das Massepotential 
eingestellt wird. 

6. 

3. Halbleiterspeichervorrichtung mit: 

55 

einer Mehrzahl von Wortleitungen (WL); 
einer Mehrzahl von Bitleitungen (BL), die die 
Wortleitungen schneiden; und 



Speicherzellen (M), die selektiv an Schnittstel- 
len der Wortleitungen (WL) und der Bitleitun- 
gen (BL) angeordnet sind, und die jeweils aus 
einem Transistor und einem Kondensator (C) 
aufgebaut sind, wobei ein Gate des Transistors 
mit einer entsprechenden Wortleitung (WL), ein 
Drain des Transistors mit einer entsprechen- 
den Bitleitung (BL) und eine Source des Tran- 
sistors mit einem Ende des Kondensators ver- 
bunden ist und als ein Speicherknoten dient, 
wobei der Kondensator (C) mit seinem anderen 
Ende mit einer Plattenelektrode verbunden ist, 
wobei in einem aktiven Modus, der angenom- 
men wird, wenn eine Leitungsversorgung in ei- 
nem AN-Zustand ist, ein Transistor einer Spei- 
cherzelle (M), der mit einer ausgewahlten der 
Wortleitung (WL) verbunden ist, angeschaltet 
ist, und diejenigen Transistoren der anderen 
Speicherzellen (M), die mit nicht ausgewahlten 
Wortleitungen (WL) verbunden sind, in einem 
AUS-Zustand sind; und 
in einem Standby-Modus, der angenommen 
wird, wenn die Leistungsversorgung in dem 
AN-Zustand ist, die Transistoren aller Spei- 
cherzellen (M) in einem AUS-Zustand sind, 
wenn die Leistungsversorgung in einem 
AUS-Zustand ist, die Transistoren aller Spei- 
cherzellen (M) in einem AUS-Zustand sind, und 
wenn die Leistungsversorgung an- und ausge- 
schaltet wird, die Transistoren aller Speicher- 
zellen in einem AUS-Zustand sind, 

dadurch gekennzeichnet, daB die Vorrich- 
tung ferner Einsteilmittel (Q0 bis Q4) umfaBt, urn 
die Spannung der Bitleitung (BL) auf Massepegel 
zur Zeit des Anschaltens Oder Ausschaltens der 
Leistungsversorgung einzustellen. 

Halbleiterspeichervorrichtung gemaB Anspruch 3, 
dadurch gekennzeichnet, daB in dem AUS-Zu- 
stand der Leistungsversorgung ein Knoten der Bit- 
leitung (BL) mit einem Massepotential mittels 
pMOS- Oder nMOS-Verarmungstransistoren ver- 
bunden ist, so daB die Bitleitung (BL) auf das 
Massepotential eingestellt wird. 

Halbleiterspeichervorrichtung gemaB Anspruch 1 
oder 3, dadurch gekennzeichnet, daB jeder der 
Transistoren ein pMOS-Transistor oder ein 
nM OS-Transistor ist, der auf einer isolierenden 
Schicht gebildet ist. 

Halbleiterspeichervorrichtung gemaB Anspruch 1 
oder 3, dadurch gekennzeichnet, daB eine Si- 
Schicht, die mindestens einen Teil eines Kanalab- 
schnitts jedes Transistors bildet, dunner als die Dik- 
ke einer Si-Schicht ist, die die Source oder den 
Drain des Transistors bildet. 
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7. Halbleiterspeichervorrichtung gema'R Anspruch 1 
Oder 3, gekennzeichnet durch Mittel zum Empfan- 
gen von auBerhalb der Speichervorrichtung eines 
vorbestimmten Signals Oder eines vorbestimmten 
Befehls vor dem Anschalten einer Leistungsversor- 5 
gung oder zum Erfassen des Anschaltens der Lei- 
stungsyersorgung, un<LMittei zum Empfangen von 
aufierhalb der Speichervorrichtung eines vorbe- 
stimmten Signals oder eines vorbestimmten Be- 
fehls vor dem Abschalten einer Leistungsversor- 10 
gung oder zum Erfassen des Abschaltens der Lei- 
stungsversorgung, so dali in den Speicherzellen 
gespeicherte Daten vor dem Abschalten der Lei- 
stungsversorgung sogar dann gehalten werden 
konnen, wenn die Leistungsversorgung erneut *5 
nach deren Abschalten angeschaltet wird. 

Revendications 

20 

1. Dispositif de memoire a semiconducteur, 
comprenant : 

une pluralite de lignes de mot (WL) ; 

une pluralite de lignes de bit (BL) croisant les 25 

lignes de mot ; et 

des cellules de memoire (M) selectivement dis- 
posees aux intersections des lignes de mot 
(WL) et des lignes de bit (BL), consistant cha- 
cune en un transistor et un condensateur (C), 30 
le transistor etant connecte par sa grille a Tune, 
correspondante, des lignes de mot (WL), par 
son drain a Tune, correspondante, des lignes 
de bit (BL), et par sa source a une extremite du 
condensateur et faisant fonction d'un noeud de 35 
memoire, I'autre extremite du condensateur (C) 
etant connectee a une electrode de plaque, 

ou : 

40 

dans un mode actif, qui est adopte alors que 
I'alimentation electrique est dans I'etat active, 
un transistor d'une cellule de memoire (M) qui 
est connectee a Tune, selectionnee, des lignes 
de mot (WL) devient conducteur, et les transis- 45 
tors des autres cellules de memoire (M) qui 
sont connectees a des lignes de mot non se- 
lectionnees (WL) sont dans I'etat non 
conducteur ; et 

dans un mode de veille, qui est adopte alors 50 
que I'alimentation electrique est dans I'etat ac- 
tive, les transistors de toutes les cellules de me- 
moire (M) sont dans I'etat non conducteur, 
lorsque I'alimentation electrique est dans I'etat 
non active, les transistors de toutes les cellules 55 
de memoire (M) sont dans I'etat non conduc- 
teur, et 

lorsque {'alimentation electrique passe dans 



I'etat active et passe dans I'etat non active, les 
transistors de toutes les cellules de memoire 
sont dans I'etat non conducteur, 

caracterise en ce que le dispositif comprend 
en outre un moyen de positionnement (Q14, Q15) 
servant a ppsitionner la tension de lajigne de mot 
(WL) sur le potentiel de terre au moment du passa- 
ge dans I'etat active ou du passage dans I'etat non 
active de I'alimentation electrique. 

2. Dispositif de memoire a semiconducteur selon la re- 
vendication 1, caracterise en ce que, dans I'etat 
non active de I'alimentation electrique, un noeud de 
la ligne de mot (WL) est connecte au potentiel de 
terre par I'intermediaire de transistors pMOS ou 
nMOS du type apprauvrissement, de sorte que la 
ligne de mot (WL) est positionnee au potentiel de 
terre. 

3. Dispositif de memoire a semiconducteur, 
comprenant : 

une pluralite de lignes de mot (WL) ; 

une pluralite de lignes de bit (BL) croisant les 

lignes de mot ; et 

des cellules de memoire (M) selectivement dis- 
posees aux intersections des lignes de mot 
(WL) et des lignes de bit (BL), consistant cha- 
cune en un transistor et un condensateur (C), 
le transistor etant connecte par sa grille a I'une, 
correspondante, des lignes de mot (WL), par 
son drain a I'une, correspondante, des lignes 
de bit (BL), et par sa source a une extremite du 
condensateur et faisant fonction d'un noeud de 
memoire, I'autre extremite du condensateur (C) 
etant connectee a une electrode de plaque, 

ou : 

dans un mode actif, qui est adopte alors que 
I'alimentation electrique est dans I'etat active, 
un transistor d'une cellule de memoire (M) qui 
est connectee a I'une, selectionnee, des lignes 
de mot (WL) devient conducteur, et les transis- 
tors des autres cellules de memoire (M) qui 
sont connectees a des lignes de mot non se- 
lectionnees (WL) sont dans I'etat non 
conducteur ; et 

dans un mode de veille, qui est adopte alors 
que I'alimentation electrique est dans I'etat ac- 
tive, les transistors de toutes les cellules de me- 
moire (M) sont dans I'etat non conducteur, 
lorsque I'alimentation electrique est dans I'etat 
non active, les transistors de toutes les cellules 
de memoire (M) sont dans I'etat non conduc- 
teur, et 

lorsque I'alimentation electrique passe dans 
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I'etat active et passe dans I'etat non active, les 
transistors de toutes les cellules de memoire 
sont dans I'etat non conducteur, 

caracterise en ce que le dispositif comprend 5 
en outre un moyen de positionnement (Q0 a Q4) 
servant a positionner la t^^on^JaJignede_bjt 
(BL) sur le potentiel de terre au moment du passage 
dans Tetat active ou du passage dans I'etat non ac- 
tive de I'alimentation electrique. 10 

Dispositif de memoire a semiconducteurselon la re- 
vendication 3, caracterise en ce que, dans I'etat 
non active de ['alimentation electrique, un noeud de 
la ligne de bit (BL) est connecte au potentiel de terre is 
par I'intermediaire de transistors pMOS ou nMOS 
du type appauvrissement, de sorte que la ligne de 
bit (BL) est positionnee au potentiel de terre. 

Dispositif de memoire a semiconducteur selon la re- 20 
vendication 1 ou 3, caracterise en ce que chacun 
des transistors est un transistor pMOS ou un tran- 
sistor nMOS forme sur une couche isolante. 

Dispositif de memoire a semiconducteur selon la re- 25 
vendication 1 ou 3, caracterise en ce qu'une cou- 
che de Si, qui constitue au moins une partie d'une 
partie de canal de chaque transistor, est plus mince 
que I'epaisseur d'une couche de Si qui constitue la 
source ou le drain du transistor. 30 

Dispositif de memoire a semiconducteurselon la re- 
vendication 1 ou 3, caracterise par un moyen des- 
tine a recevoir, depuis I'exterieur du dispositif de 
memoire, un signal predetermine ou une instruction 35 
predetermines avant le passage dans I'etat active 
d'une alimentation electrique, ou a detecter le pas- 
sage dans I'etat active de I'alimentation electrique, 
et un moyen destine a recevoir, depuis I'exterieur 
du dispositif de memoire, un signal predetermine ou *o 
une instruction predetermined avant le passage 
dans I'etat non active d'une alimentation electrique, 
ou a detecter le passage dans I'etat non active de 
I'alimentation electrique, de sorte que les donnees 
stockees dans les cellules de memoire avant le pas- 45 
sage dans I'etat non conducteur de ('alimentation 
electrique peuvent etre maintenues meme lorsque 
I'alimentation electrique passe de nouveau dans 
I'etat active apres son passage dans I'etat non ac- 
tive. 50 
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